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TEGTIIAAL NOTE NO. 1139

FLIGHT TESTS QOF AN ALL-MOVABLE HORIZONTAL
TAIL WITH GEARED UNBALANCING TABRS ON
THE CURTISS XP-42 ATRPLANE

By Harold F. Kleckner

SUMMARY

Results are presentsd of rlight tests of an all-
movable tail with geared unbalancing tabs installed on
the Curtiss XP-li2 airplane. Previous tests of the all-
movable tail showed that 4 servotap control and bobwelght
provided a stable variation of stick force with speed and
acceleration; however, the stick forces were unsatislfac-
torily light for repid mancuvers. After these tests the
pllot's stick was connected directly to the tail and the
tabs were changed from servotabs to gesred unbalancing
tabs. The pressnt paper covers tests made with this
control arrangement.

Tr.e unsatisfactory lightness that had been obtalned
with the servotab control was eliminated with the tabs
connected as geared unbalancing tabs., In the final con-
figuration, which included stick-centering springs to
incresase the stick forces in landing, the all-movable
tell was considered a satisfectory control, indistin-
guishatle from a gcod conventional elevator. The longi-
tudinal stabllity snd control characteristics of the alr-
plane were not materially changed wlith the all-movable
tall, and no unconventional control chiaracteristics were
encountered in sidesllips or 1in 3talls. A cocknit control
over the tub gear ratio was found satisfactory for
adjusting the stick force per g in turns according to the
pilot'!'s preference. - - -

mxtrapolation of the flight data ottained showed that
gatisfactory landings and desirable stick forces Iin turns
would be obtainable with an installation similar to theat
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on the XP-lj2 airplane for a center-of- -gravity range

from 10 to 30 percent mean aerodynamic chord as _compared
with a rangs from 22 to 30 percent of the mean dsrody-
namic chord for the original conventional t%ail. . Calcula-
tions showed that the same total range of permissible
center-of-gravity locations provided by the conventionsal
tail of the XP-L42 airplane could bs obtained with an all-
movable tail of 35 percent less area; however, the per-
missible center-of-gravity range for the all-movable tall
would be located 7 percent of the mean aerodynamic chord
forward of the range permitted by the conventional tail.
At Mach numbers near unity the all-movable tail will
require a power boost control that could be adapted as
well to a movable stabilizer., The reduction in tail size
that can be obtained with an all-movable tail, however,
would be expected to improve elevator control character-
istics for this high-speed range.

INTRODUCTION o

The initial flight tests of the all-movable hori-
zontal tail on the Curtiss XP-L2 airplane were reportsd
In reference 1. These tests wers made with a servotad
control arrengement thsat gave near-zero variations of
stick force with elevator angle and tail angle of attack.
With this control arrangement the all-movable tail
appeared to offer a means of elimlnatling difficulties
that were being reported by pilots in recovering from
dives at high Mach numbers, namely excessive stick forces
and elevator ineffectiveness, 1In the initial flight-
tests the elevator. control wlith the servotab arrangement
was found to be unsatiasfactory. Although thée bobweight
in the control system gave a stable varlation of stick
force with speed and acceleration, the near-zers varla-
tion of stick force with stick deflection made the control
so light in rapld movementa that the pilot felt uneasy
and uncertain 1n handling the airplane. -

After the Inltlal tests of reference 1 the control
system was changed in order to obtain mcre conventional
variations of stick force with elevator angle and tail
angle of attack. The pilot's stick was connected directly
to the tail, and the tabs were changed from servotabs to
geared unbualancing tabs that were similar to tho8e used
on the vertical tall surfaces of references 2 and 3. A
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program of flight tests was then carried out to evaluate
this configuration of the all-movable tail.
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paper describes the results of these flight tests and
presents some additional analyses that ars pertinent to
the use of an all-movable tail,
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SYMBOLS

1rt
airplane 11ft ccefficient (-%é-)

tall 1ift coefficient

wing area

horizontal-tail area; includes area of section
through fuselage

acceleration due to gravity

tail length; distance from airplane center-of-
gravity position to elevator hinge line

free-stream dynamic pressure

dynamlc pressure at tall

tab gear ratio

indicated alrspeed (3ﬁ§i:)
0

tall angle of attack
elevator deflectlon, measured from thrust axis

tab deflection

relutive effectiveness of equivalent full-span tab

6CLT/6 5et
éCLleaT

The present
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8 ent
Che_ elevator hinge-moment coefficient Hing ?S?én
ArPeCe
be elkevator span R
Ce elevator root-mean-square chorgd o
ChaT variation of elevator hinge-moment coefficient
with angle of attack of tail (bche/baT)

Ch6 variation of elesvator hinge-moment coefficlent
S with elevator deflection (éChe/bae)

(cLa) variation of tall 1ift coefficient with tail angle
T of attack (GCLTIéaT)

Py mass denslty of air at ssa level

ATRPLANE AYD TAIL CHARACTERISTICS

The Curtiss XP-j2 airplasne as tested with the all-
movable horizontal tail is shown in figure 1, and genersl
specifications for this airplane are given in the appendix.
In order to determins the effect of the all-movable tall
on stability and control.characteristics, thée XP-42 air-
plane with the all-movable tsil was compared with an
equivalent airplane, the Curtiss P-364A, with conventional
taull. Comparsble phobtographs of the two airplanses are
shown in figures 1 to lL..- The long-noseg engine and cowling
thiat constituted the primary differencd between the
original XP-L2 airplanec snd the P-36A airplane werse
replaced with a conventional short-nose engine and cowllng
prior to the tests with the all-movablé™ ftail. PFlgures 1,
2, 3, and l} indicate that the P-,2 airplane tesfoed is
surficiently similar to the P-36A airnlene to Justify the
agsumption that the twe alrplanes ere gguivalent.

Characteristics of the sll-movablé tail sre given in
the appendix sand are shown in figures 5 to 9. A three-
view drawing of the XP-l2 airplanc wlith the all-movable
fail 1s shown in figure 7. For compardative purposes, the

L
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dimensions of the original fixed-stabillizer horizontal
tall are also included in the appendix. The area of the
all-movable tail was nade sbout equal to the ares of the
originel taill; the aspect ratio was increased in
comparison with that of the original tall in order to
compensate in part for a shorter tall length that was
required for installation purposes. (See fig. 8.) The
tall effectiveness parameter ZTST(CLQ)T of the all-

movable tall is equal to 0.9 that of the original fixed-
stabilizer tail. :

Each side of the all-movable tall was mass-balanced
about the hinge line so that the product of inertla about
the tail hinge line and the airplane center line was zero,
The t&bs were mass-overbalanced about the tab hinge lines
to give dynamic balance for rotatlion of the elsvators
(main surface). The weight required to mass-balance the
gll-movable tail tested wus about 60 pounds, which is, in
general, greater than the welght required for a conven-
tional elevator. In a procduction all-movable tail,
however, thls weight could probably be considerably
reduced by decreasing the welght of the structure of the
tall behind the hinge line. The moment of inertia of the
&ll-movable tail was ebout 10 times that of the original
glevators, but because the slevator deflection for & given
stick travel was much less for the all-movable tail, the
inertla at the pllot's stick was gbout the same for the
two elevators. - '

The control system used for the present tests is
shown in figure 10. The unit to change the tab gear ratio
was connected to a control in the cockplt so that the tab
gear ratio was adjustable by the pilot in flight. & tab
gear ratio of 1.0 was used in obtaining all the data
revorted herein, and the control with the varisble gear
ratio was tested only in the final flights. The relations
between tab angle and elevator angle and between stick
positlion and elevator angle are shown in figure 11l. The
elevator angles were measured from the thrust axls, and
the tab angles were measured from the elevator mean chord
line. Because the tub-actuating bell crank restricted the
total tab deflection, the tab gear ratioc and the tab
deflection avallable for trimming were .limited.

Several other details of the tall installation are
worth noting. During the tests of reference 1, strips
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were attached to the elevator trailling edge (fig. 9) to

move the asrodynamlec center back to the elevator hinge -

line. These strips were kept on the elevator far the ' -

pressnt tests. The bobweight in the control system for

the tests of reference 1 was removed, but unbalance of

the control system gave an effective bobweight of 0.5 pound

stick force for the present tests. The gap between the

tall and the fuselage was partly sealed with sponge-rubber

strips; the gap arcund the “carry-through" structure was

not sealed. This gap consisted of transverse openings

through the fuselage above and below the carry-through

structure, which was located between about 7 and 23 per-

cent of the tail chord at the tall-fuselage juncture. _

These openings were necessary to permit unobstructed

dcflection of the entire horizontal tail about the
-percent-chord hings location. .An idea of the shape

and size of the gap around the carry-through structure

may be .obtailned from figure 6.

Some changes were made. during the present tests, and
thess changes are listed as follows:

(1) A spring was added between the tabs and_the ele-
vator to take up the backlash in the linkage and.thereby
to eliminate play in the tab system. The location of the
spring is shown in figure 10. i -

(2) Prictlon was added in the control system for
some flights to increass the frictional _stick force from
gbout *0.2 pound to *2 pounds. The added friction was
useful in improving coordination for rapid muneuvers of
the elévator control wlith the alleron control, which was
heavy and had large frilction.

(3) Stick-centering springas were added for the last
flights. These springs gave a linesar variation of stick
Torce with stick deflection and required a 1lé-pound stick
force to deflect the stick full forward or full back.

SCOPE AND GENERAL RESULTS OF TESTS

The flight tests reported hereln are those made to
evaluate thc sli-movable tall with geared unbalancing tabs.
The test program is given in the following paragraphs in
chronclogical order together with some of the principal
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results so that the sequence of modifications can be
traced., TPhotogravhic records were taken with NACA
recording instruments during each flight. Measurements
were made of indicated airspeed, normal acceleration,
elevator position, tab position, and elevator stlck force.
In addition, measurements were made of angle of sideslip,
rudder angle, and rudder force for the sideslip tests.
Alrspeed was measured by a swiveling static head and
shielded total head 1 chord length ahead of the wing tip,
and no correction was made for positlon error.

In the first flight with the geared tab control
system (fig. 10) the elevator was found to be unsatlisfac-
torily light and sensitive. The records showed the fault
to be inexact following of the elevator motion by the
tabs because of play in the tab .control linkage. As a
result, there was effectively zero unbalancing tab action
for elevator movements of 0.5° or less. The play in the
tab system was eliminated by:use of the spring between
the tabs and the elevator, and with added friction in the
system, the control was fairly satisfactory. The stick
forces were still consldered light, particularly in
landing, snd the tab gear ratioc would have been lncreased
at this time 1f more tab deflection had been avallable.

The test program was continued with this arrangement,
and seven flignts were made to obtain data on the longi-
tudinal stabllity and control characteristics. No changes
were made during these tests except that the added friction
was removed for several flights when accurate stick forces
were desired. For thls series of flights the alrplane
welght was about 5800 pounds and the center of gravity
was at 23.8 percent of the mean aerodynamic chord with
wheels down and at 25.7 percent with wheels up.

When the foregolng flights were completed, stick-
centering springs were added to the control system to
increase the stick forcss 1ln landing and, to a lesser
degree, the stick forces in the normal f1y1ng range. The
springs were not added for the early tests because thelr
addition would have complicated the measurement of the
elevator hinge moments. With the springs installed the
control was considered satisfactory in all respects. The
present tests were then concluded with flights by different
NACA pilots. All the pilots agreed that with thls control
arrangement the all-movable tall was a satisfactory longl-
tudineal control, indistinguishable from a good conventional
elevator,

-~
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DETATILED RESULTS AND DISCURSION
Dynamic Iongitudinal Stability and Control

Tn the first flight of the present tests aTshort-
period control-free longitudlnal oscillation was obtained
which did not damp out in one cycle as required by refer-
ence .. The oscillation was the result of play’in the
tab-actuating system, which resulted in effectively 2ero
unbealancing tab actlon for elevator movements of 0.5° or
less. After the nlay was eliminated, the osclllatlons
damped satisfactorily (fig. 12).

The problem of dynamic longitudinal control, or
control feel, was encountered in the initial tests of
referencs 1 for which the all-movable fail was ¢épntrolled
by & servotab. In these tests it was found that’, because
of the use of a bobwelght, the control forces were satis-
factory in steady maneuvers. For rapld or abrupt maneuvers,
however, the control forces were found to be too light to
satisfy the pillots. This lightness of the contrel resulted
from tlhie fact that the stick-force variation with stick
deflectlon was near zero. The difficulty was eliminated
for the present tests when the servotab control was changsd
to a direct control between the pllot's stick and the ele-
vator, with the tabs connscted as geared unbalancing tabs.
This arrangement provided sufficlent variation of stick
force with elevator deflection to indlcate to the pilot
the amount of control that he was using. The experience
with the closely-balanced all-movabls tail and Gther
experiences with experimentul conventlonal elevators have
shown the need for gdditlonal control requirements in
rapid mansuvers (reference 5). :

Statlic Longlitudinal Stablllty

Representative data an the static longitudinal sta-
bility of the Curtiss XP-L2 airplane with the all-movable
tall are presented in figure 13, The data show that the
alrplane 13 generally stable but is characterized by a
tendency toward stick-free lnstablility at low speeds for
all power conditions and by a large loss in the stick-fixed.
stabllity 1n changing the engine power Ifrom power of f to
rated powsr,

-
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A comparison is made in figure 1l of available stick-
fixed static stability data for the XP-l2 airplane with
the all-movable tail with the data for the P-36a airplans
with the conventional fixed-stabilizer tail. In figure 1l
the P-%6A elevator angles are shown on a scale twice that
of the XP-L2 elevator angles becsuse the P-36A elevator
effectiveness 1is approximately one-half the effectiveness
of the all-moveble tail as estimeted from the charts of
reference 6. With this arrangement equal slopes of &g

with Cgp, represent approximately the same degree of
stick-fixed stability. Because the product ZTST(CLQ)T

is smaller for the all-movable tall, the XP-L2 airplane
would be expected to have somewhat less stabllity tnan
the P-36A airplane, but figure 1l shows that the reverse
of this expectation 1s true. The relatively higher sta-
bility of the all-movable tall might be attributed in
part to. the fact that the fuselage gop was partly sealed,
whereas the fixed-stabilizer tall had an elevator wilth
an unsesaled gap at the hinge line and with a large cut=-outb
for the rudder. This difference in the gap conditions
may have led to a relatively higher estimated value of
the tail lift-curve slope for the fixed-stabllizer tall,

Elevator Control

Elevator control in turning flight.- Representative
data obtained In turning ilight are presented in figure 15.
The data indicate that the stick force per g in steady
turns was within the 1limits prescribed in reference L for
the center-of-gravlity position tested. Data in turning
flight were not obtained for comparative condlitions after
the stick-centering springs were added. The springs would
be exzpected to increase the force per g in turns, the
increase being proportlonately greater at lower speeds.
This effect with speed 1s favorable because it increasses
the force required te stall the airplans at low values
of normal acceleration.

With the stick-centering springs installsd and with
a tab gear ratio of 1.0, the stick force per g at 200 miles
per hour wilth power for level flight weas measured to bve
about 10 pounds. From these initial concditlons the pllots
experimented wlth the cockpit control over the teb gear
ratio and found this type of control a satisfactory method
for reducing stick forces in turning flight. The pilots?

9
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favorable reaction to the control prompted the suggested
use (referenceé T7) of this type of control for extending
the cegnter-of-gravity range for qatisfactorv stick forces
in turning flight. . ¥ -

fAlsvator control in sideslips.- The elevator control
characteristics were investigated 1n sideslips to deter-
mine whether the distorted flow conditions at the tail
in yawed flight caused unusual elevator force character-
1stics with the all-movable tall. Data _are presented in
figure 16 to show the variation of rudder and elevator. _
force and deflection with sldeslip and the effect thereon
of power, flaps, and alirspeed. The r@sults show that no
unconventional elevatdr control charscteristics were
gncountered with the all-movable. tall.

kBlevator control in stalls.- The elevator control
characteristics were lnvestigated in stalls to determine
whether the all-movable tail caused unusual control char-
acteristics. Stalls were made with power on (mamlfold
pressure, 25 in. Hg and engine speed, 2200 rpm) and power

off, both with Ilaps up and with flaps Jown.,  The duration

of stalled flight was short in each cass because the
XP-4i2 airplane stalls with an abrupt and violent diver-
gence in roll and yaw. Ag a consequencg, the pllot was
unable to fly beyond the stull and immediately applied
forward elevator to check the instability. No uhconven-
tlonal elevator control characterlistlcs were encountered
with the all-movable- tail in the stallsy —

Elevator control 1n take-off.- Hlevator control
characteristics 1in take-off, including a_ take-off with a
15 mile-per-tiour 90° cross wind, were normal in all
regpocts, In the tests of refervnce 1, when full-down
elevator (10°) was used to get the tuil up, the pllot
noticed a sudden and powerful nose-down pltching of the
airplane as the tall of the alrplans started to come up.
This etf'fect occcurred because the elsvator inltially was
stalled (10° down elevator combined with 13© ground
angle) and then became unstulled as the tail came up.
This diffilculty was eliminated when the maximum down-
elevator deflection was reduced Lo 6°.

The all-movable tall did not provide sufflicient ele-
vator control on take-off to satisfy requirementg. The
tail would rise at 45 miles per hour with the cetiter of
gravity at 26.8 percent mean asrodynamic.chord., TIf the

10
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take-off criterion of reference I is applied, the spesd
should be 35 miles per hour with the center of gravity

at 28.5 percent mean aerodynamic chord (maximum rearward).
In order to meet control requircments on take-off, the
all-movable taill provides less control than a conventional
elevator for alrplanes with conventional landing gear and
provides more control for airplanes with tricycle landing
gear. This result is to be expected because, with con-
ventional landing gear where the object is to raise the
tall from the ground quickly, the use of down elevator
with a fixed stabllizer results 1in greater upward tail
loads than can be obtained from the essentially unflapped
surface of an all-movable tail. 1In the case of tricycle
landing gesar where the object 1ls to ralse the nose wheel
from the ground quickly, less downward load can be
obtalned from the fixed-stabilizer conventional tail than
from the all-movable unflapped surface because the ele-
vator of the conventional tall must overcome the upward
load on the stabllizer.

Elevator control in landing.- Elevator control char-
acterlistics 1n landing were satlsfactory after the stick-
centering springs were added to the control system., Time
historles of typlcal landings made without and wlth the
springs installed are given in figure 17. The stick
forces at ground contact were 10 and 25 pounds, respec-
tively. The effect of the increase in stick force in
improving the feel of the control is not evident in
figure 17, but is evident when the records are shown to
a larger scale in figure 18. Those records show that
with the springs added a more definite stick force is
assoclated with each movement of the elevator (the force
lsads the elevator motion slightly).

The small variation of stick force with elevator
deflection in landing with the all-movable tall as com-
pared with the variation of stick force obtained with the
fixed-stabilizer tall is due principally to the linear
hinge-moment characterlstics on the all-movable tall over
the entire range of deflections and angles of attack.
Most conventlonal elevators have nonlinear hinge-moment
characteristics for large angles of abttack and sluvator
deflections so that an increase in the varistion of stick
force with elevator deflection accompanies the lurge
up-elevetor deflections used in landing.

11
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The pllots commented favorably on the relatively
greater response of the all-movable tall in lanalng and
in other low-speed mansuvers as compafed with that of
some conventional elevators. The pllots were impressed
by the great response of the all-movable tail on the
XP-1;2 airplane because some recent fighter alrplanes
having narrow~chord conventlonal elesvators have glven
sluggish contyrol 1n landing anhd at low speeds,-

Blesvator trimming charscterlistics.- The alrspeed
range 1or WHicH the elevator control force could be _
trimmed to zero, together wlth the control effectiveness -
of the tabs, 1s shown in figurs 19. The limlted tab
movement uvallable restricted the spesd rangs for some
flight conditions. The requlrements of refsrence k.,
pertaining to adequacy of the elevator trim tab, would
be met 1f the downward tab deflection were increased -
about 2°. - = =

& small loss in tab effectliveness 1s shown in
figure 19 for the conditlion of flaps down snd power off.
This loss amounts to & change in stlck force of about
0.3 pound per degree elevator deflection at 80 milss per
hour and contributes to the light stick forces cncountered
1n landing. . . R

Elevator Hinge-Moment Characteristics _

4 value of the elevator hlnge-moment parameter ChaT

was aobtained by use of data from stick-releass pull-ups.
A time history of a typical maneuver gf this type is
given in figure 20, A value of Gham“’is obtained from

a consideration of the movement of the free elovator as
the sngle of attack at the tail changes because of the
change. in the normal acceéleration of the alrpleane. The
ohange in tall angle of attack consists of one increment
due to the change in angle of attack of the alrplane and
a second incroment due to the curvature of the flight
path, In addition to the change in tall augle:of attack,
the 0.5-pound bobweight-and the hinge moment on the tail
surface due to the camber cffect of thé curved flight
path also affect the movemsent of the free &levator. The
value of the hinge-moment parameter ChaT was computed

to be -0.0002 per degree when an allowance was made for
the bobweight and the camber effecta.

12
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The value of the elevator hinge-moment parameter Chﬁe

was determined from the increments of stick force and ele-
vator angle used in pull-up maneuvers from trimmed level
flight, such as those for which time histories are shown
in figure 12. TIor these calculations. the ratio of dynamic
pressure at the tail to free-stream dynamic pressure qT/q

was estlmated from the data of figure 19 to be 1.05 at
150 miles per hour and 1.00 at 200 miles per hour. From
these data the wvalue of Chﬁe was computed to be -0.0031

and -0.0028 per degree at 150 and 200 miles per hour,
respectively. These values include the effect of the
geared unbalancing tabs. The difference at the two speeds
is due to & flexible tab system that permits the tabs to
deflect under load; the result is about a 17 percent
reduction in tab deflection at 200 miles per hour as com-
pared with the no-load deflectlion. With a rigid tab
system the valus of Ch50 would be about -0.0033 per

degree. A value of Chﬁe was calculated from the tail

characteristics by the method of reference 3. In order
to apply this method (CLG)T and Tgy Were estimated

from the curves of reference 6 to be 0.067 and 0.39,
respectively., The value of the hinge-moment parameter Chée

was then calculated to be -0.00325 per degree. This value
is in good agreement with the value computed from the
flight test data for a rigid tab-control systenm.

The position of the aerodynamic center has a largs
effect on the values of ChaT and Chﬁe for the all-

movable tall. The effect for the tall with partial-span
tabs used in the present tests is shown in flgure 21.
The computed value of ChaT of -0.0002 per degree estab-

lishes the serodynamic center at about 2l1.3 percent mean
serodynamlc chord. This position is in close agreamsnt
wlth the valune of 2, percent mean aerodynemic chord shown
by date obtained at 45 miles per hour in referecnce 1.
Before the‘trailing-edge strips were attached, the aero-
dynamic center was between 20 and 21 percent msan aero-
dynamic chord. Thls forward position 1s attributed to a
relatively large trailing-edge angle (12° to 15°). A
cusped trailling edge could be used teo give a more rearward
aerodynamic-center positlon without the extra drag of
trailing-edgs strips. A more rearward aerodynsmic-center

13
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position would permit & more rearward hinge location, and
consequently less mass-balance welght would be required.

The all-movable tall was- somewhat more highly bal-
anced than the P-36A elevators. In order to give the same -
stick-force characteristics as the P-36A elevators, the
all-movable tailil would have had to have values of ChaT

and Cpg, of about -0,0015 and -0. 0040 per dszres, -

respectively.

The stick-centering springs used in the final flights

of this program gave an increment of . 8tick force of D

2 pounds per degreé deflection. The relativeimagnitude

of the spring for¢e through the speed range_ 18 shown in
figure 22, which also shows the magnitude of the loss in
stick force from the flexible tab sysfem. Figure 22 shows
that the ‘centering springs doubled the stick force per
degree .elevator. deflection at 90 miles per hour and just
balanced the loss from the flexible tab system at 230 miles
per hour,

EXTRAPOLATED RESULTS AND SUPPLEMENTARY ANALYSES

Blevator Control in Lahding

The all-movalble tasil is capable of developing a -
graater downward tall load in landing than a conventional
slevator and fixed stablilizer. Three-point landings,
thereforg, can be made with more forward center-of-gravity
positions. With the present experimental tall installa-
tion, no -appreciable movement of the center of gravity
could be obtained conveniently because . of the excessive
amount of welght that would have been required on the
nose of the sirplane, Calculations were made;fhowever,
which show the magnlitudes of the lncrease in peTrmissible
center-of-gravity range for thres-point landings resulting

from use of the all-movable tail on the XP-42 airplane, f"

and the results are shown in flgure 2%. "Figure 23 was
constructed by use of the method of reference 8§ to obtain
the slopes of elevator angle agalngt center-of-gravity
position and thent by fairing the curves through the test
points obtained- for power-off three-pgint landings. The
7° elsvator angle (all-moveble tall) for zera kail angle
of attack that is Indlcated In figure_23 results from the

1l
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difference between a 13° airplane ground angle and a

© downwash angle obtalned by use of reference 9. The
assumed 14° tall angle of attack for tall stalling indi-
cated in figure z3 was obtained from the taxl runs of
reference 1 in which ths tail stalled with h9 down ele-
vator, 13° airplane ground aengle, and an estimated

39 downwash angle. The maximum up deflection of the all-
movable tall wus limited to 3° below the tuil stalling
angle to avoid any possibility of tall stalling. Figure 23
shows that, through use of the all-movable horizontal

tail, the permlissible center-of-gravity range of the
XP-L2 airplane is incressed to 20 percent mean aerodynamlc
chord from an original range of § percent where the per-
missible range is defined by a rearwsrd limit for acceptable
stabllity in maneuvers and a forward limit for power-off
three-point landings.

A reduction in tell arsea is possible with an all-
movable tail (reference 10) if mors forward center-of -
gravity positions are used or if the tail-off neutral
point 1s shilfted rearward:. Figure 23 shows that with the
present alrplane a reduction in tail area of 35 percent
could be effected and the 8 percent permissible center-of-
gravity range of the criginal alirplane could still be
retained. Wlth the teil area reduced, the allowabls
center-of-gravity runge would extend from 15 to 23 per-
cent mean aerndynamic chord instead of from 22 to 30 per-
cent, which i3 the range of the original airplane. The
forward shift of the most rearward center-of-gravity
position for acceptable stebllity with the reduction in
tall area was obtalned by assuming the aerodynamic center
of the alrplane with tall off to be at 10 percent mean
aerodynamic chord.

If an airplane 1s designed with a small horizontal
tall and a forward center-of-gravity position, particular
attentlon should bs given, in the design stage, to the
effects of power. If the upplication of power with flaps
down causes a8 large nose-down pitchlng movement, the wave-
off condition may become critical as the tuil area is
reduced because of the possipllity of tail stalling.

Elevator Control in Turning Flight

The all-movable tall with the servotad control
(reforencso 1) offersd the possiblility of obtalning stick
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forces in turning flight thet would be depondent only on
the bobweight effect and would be independent, thereflore,

of airplune centér-of-gravity position and albitude. This__

advantage 1s not obtalnsble, of courge, with the present
control arrangemont. With the present tail the stick force
ner g in turns varies with alrplane Conter-of-gravity posl-
tion and altitude in the same way as with & conventionul
vlevator, '

Calculations wers made of the varlatlon of stick
force per g with center-of-gravlty positlon with the
present tail for different teb gear ratios, and the
results are shown in figure 2l.. The region of desirable
stick forces is shown in figure 2l in accordafice with the
requircments of refercnce li. For any glven tab gear ratio
the center-of-gravity reangs is seen to be small, ug 1s the
case for airplsnes having convsntional elcvators. Fopr ths
P-36A eirplane the center-of-gravlty range extended approxi-
mately from 26 to 30 percent mean serodynamic “chord.

If use 1s maede of a cockplt control over .the tab gear
ratio (referencs 7), desirable stick forces in turnilng
flight could bs provided over any redsonable Center-of-
gravity range. From figure 2l, it 1is evident tha®, with
such a contrel and with tab gear ratios from 0.5 to 2.0,
desirable stick forces in turns would be obtulnable for
a rangc of center-of-greavity positions from 10 pcrcent
meen aerodynsmic chord, which is the calculated forward
limit-for elevator contro1 in landing, to 30 pcrcent
which 1is the rearward limlt for satisfectory stick forces
in turns for the P-36A airplzne and the approxXimate resr-
ward limit for accepboble stability in straight Clight.

Elevator Conbrol in Spins s =

Wo spins wery made in the XP-42 airplane with the
2ll-movable tail; however, the generzxl splnning chsaracter-
istlcs can be predicted from avallablé spin-tunnel tests.
In 1938 tests were mads in the NACA 15-foot frée-aplnning
tunnel of a model .of the Curtiss P-36a airplure. The -
results indicated that good apin recovery was Tbitulned
by complets rudder reversal with the slevator held full
up. The angle of attack ia the apin varied from 30°
to 509 and the corresponding sirspeceds (full scale) varied
from 170 to 110 miles per hour, respectively Tests wore
made recently in the NACA 20-foot fres-spinning tunnel

16
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of a Curtiss XP-60a model (the Curtiss P-36A model was

not avallable) with both a conventlonal and an all-movable
horlzontal tall. The results of these tests showed that
good spin recovery was obtained by rudder reversal alone
and that substituting the all-movable tall gave no signifi-
cant difference in spin recovery.

The all-movable taill will normally be stalled in a
snin and therefore will have a large hinge moment tending
to hold 1% in the up position. On most ailrplanes this
moment i1s exnected ta be toe large for the pllot to over-
come. Tt appears necessary with an all-movable tall,
therefore, to require that spin recovery be effected by
movement of the rudder and aileron controls alone. If
spin recovery is provided in this way, the excessive ele-
vator stick force would not be dasngerous because the down-
ward pltching of the airplene when the spin stops would
unstall the elevator and psermit the pilot to resume normal
control. -

Elevator Control at High Mach Numbers

The present tail installation was desligned for tests
In the low-speed range and nn flights were made at high
Mach nmurbsrs. Recent experience haa indicated that a
conventional sealed elavator will mesintaln its effec-
tiveness at least to Mach numbers for wshich severe com-~
presaibllity effects are encountered on the telil itself.
Tests of the all-movable tall also show that the stick
forcea with the all-movable tail should be equivalent to
those of a conventional slevator in order to glve satis-
fauctory elevator control at low speeds. On this basis,
for comparable tall sizes ths all-movable tall would
appear to offer no advantage pover a conventlonal tail in
regard to control characteristlcs st spoeds approaching
That for which severe compresasibllity effects occur on
the tail., As noted previcusly in the oresent paner
and in reference 10, however, the all-movsole tairl offers
the possibllity of a reduction in teall size as compared
withafixed-stsbi lizer tell. In thils connectlon, refer-
ence 10 has shown that a reduction in tail size would be
expected to improve elegvator control characteristics at
speeds below that for which severe compressibility effects
occur on the tail.

17
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At speeds above that for which severse compressibility '

effects occur on the tail itself, however, recent tests
by the NACA wing-flow method have shown that the effec-
tiveness of a conventional elevator drops nearly to zero
for a small Mach number region slightly below a Mach

number of 1, whereas a sufficiently thin airfoill maintainsl_

its effsctiveness. It appears, therefore, that elther

an all-movable tall or & movable stabilizer may be
required for control. For elther of these talls some .
type of power boost appears mandatory in order to handle
the large compressibility hinge-moment changes that are
expected to occur. ~For the all-movahle tall figure 25
shows a schematic drawing of a control-system arrangement
that is consldered to satisfy the requirements of &
longitudinal control for Mach numbers avproaching unity.
The servocontrol would be locked in only for flight at
high Mach numbers and could be desligned specificully for
this purpose without compromlses to obtain the rapid
rates of control movement required in take-off, landing,
and at low speed. Recause the servocontrol would be used
in only one speed range, stick-force variuation with speed
would be relatively unimportant, and the servocontrol
could be made irreversible in order to dlsscciate the
stick forces from hinge-moment changes due to_compressi-
bility effects. Stick force from a spring on the servo-
control stick together with large servocontrol stick
movement would provide essential control feel. It is
apparent that the suggested control system is-equally
adaptable to a nmovable stabilizer. It can be . concluded
then that at Mach numbers at which severe compressibility
sffects are encountered on the tall itself, the all-
movable tail will have no aerodynamic advantage over a
movable stabilizer. If an all-movable tall is employed,
however, to obtaln increased control in landing or a
greater center-of-gravity range, the gontrol for high
Mach numbers wlll be squal to the control irom any
stablilizer-elevator combinatlion.

CONCLUSIONS ' -

From the results of the present flight tests of an
all-movable horizontal tail with geared unbelancing tabs
on the Curtiss XP- AZ alrplane the following observations
cen be made:

18
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-

1. The unsatisfactory contrcl feel in rapid maneuvers
that had been obtained in nreliminary tests of the all-
movable tail with servotab control was eliminated with
thie pllot's stick connected directly to the elevator and
the tabs connected ss geared unbalancing tabs. This
control arrangement provided sufficlent variation of
stick force with elsvator deflsction to indicate to the
pllet the amount of control he was using.

2. Play 1in the tab-actuating system caused the
nccurrence of a continuous contrnl-free longitudinal
ngscillation of short period and small amplituds. The
oscillation damped satisfactorily when the play in the
syatem was removed by means of 4 spring between the tabs
anc the elevator.

3. The stick-free and stick-fixed longitudinal sta-
bility characteristics of ths sirplane were not materlally
changed with the all-movable taill.

li. No unconventional elevator control character-
istics werse encountered 1ln sideslips or when the airplane
wss stalled. :

5. A& cockplt control over the tab gear ratio was
found satisfuctory for adjusting the stick force per g
in turns accordling to the »nilot's preferencs.

5. It was found necessary %o restrict the maximum
down-elevator deflection to 60 in order to eliminate _
powerful nose-down pitching moments in teke-off due to
unstalling of the elevator when the tall started up.

7. Stick-centering springs were required to increass
stick forces for landing. BRBecause the all-moveble tail
has linear hinge-moment characteristics, the usuval increasse
in stick force with lsrge up-elevator dsflection is not
nbtalined.

8. In the final configuration the all-movable tail
#ith geared unbalancling tavs was consldered a satlsfactory
control. The pilots considered the all-movable tall
indlstingulishable from & good conventlonal elevator,

From an extrapolution of the flight test data and
from analyses of control characteristics not covered by
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the flight tests, the following addltional ob3ervations
can be made: )

1. If a cockplt control were used to vary the tab N
gear ratio of the all-movable tuil from 0.5 to 2.0, satis-- .
factory cantrol forces in turns would be obtainable Tor ' S
& range of center-of-gravity nositions from 10 to %0 per- —. .-
cuent mean a«erodynamic chord. CT

2. If an Lp- -elevator deflection of the nfesent ll- .
movable teil of 17° were used, power-pff threg -point ~ L -

landings could be made with the centar of gravity at u%—;m

10 vercent mean aerodynamic chord., For a neafly identical
airplans, the P-36A, having a conventional fixed-stubllizer
norizontal tail, the corresponding forward pefmissible S
center-of - grav1ty position was 22 percent mcan aerodynamic o
chord. -

Z., With an all-movable tail reduced in area 35 per—
cent below that of the conventional fixed-stubllizer tall,
the airplene would have satlsfactory characteristics over .
the same total center-of-gravity range, but the rsnge -z CET
would extend from 15 to 23 percent instoad of from 22 N )
to 30 percent mean aerodynamic chord .for the conventional
Fixed-stabillzer tall,

li. Spin recovery would probably Bave to be provided
by rudder and aileron sctlon alone for. an airplans with
an all-movable tail because the tuil would be s8tulled,
and the resulting aerodynamic moment would probably pre-
vent the »nilot from reversina th elevator until af ter
the swin had been stepped. -

W

5. There 1s no inherent asrodynamic advantage or L
dissdvantage of thse all-movable tail over a coliventional | —
elevator and Tixed stabllizer of comparable size ab Mach S
numbers below those for which severe Tompressibility T
effects are encountered on the tail itself. The reduc- B
tion in tall size obtuinable with the.wmll-movable tail,
however, would be expected to ilmprove elsvator control
characteristics for this high-speed range. At Mach T
numbers near unity the all-movable tail will require a -

20
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power boost control that could be adapted as well to a
movable stabllizer.

Langley Memorial Aeronautical ILaboratory
National advisory Committee for Aeronautics
Lanzley Field, Va., May 17, 1946
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APPENDIX

(ENERAL SPECIFICATIOQONS OF

Name [} . » L
Fumber . .
Engine , . .

TH® CURTISS XP-L.2 ATRPLANE

« « o . . . Curtiss aP-l2
Alr Corps No. 38-lL
. Pratt & whitngy R-1830-31

Rating (with 92-octane. gasoline us®d for the present

tests):
Talke~of f :
dorsepowsy ., . . . .

Manifold pressure, 1n. Hg .

Engine speed, rpm . .
Climb
At 3ea level
Horsepower . . .
Manifold pressure
tngine speed, rpm .
At 10,000 ft
Horsevower. . . .« .
Manifold pressure,
ingine speed, rpm .
Crulse
at 10,000 ft
Horsepowsr . . . .
Hanifold: pressure,
Engine speed, rpm .
Supercharger (single-stage)
Provellsr. . .+ . .+ « «
Memeter, £t . . . . . .
Wumber of blades . . . .
Gear ratio . . . . .
Fuel capacity, gal
™iselage tank (removed for
Rear wing tanks . . . . .
Front wing tanks . . . . .
Nil cepacity, gal . . . . .
Welght for present tests, 1b

(wheels up), percent ¥.A.C.
Length (nver-all), ft . . .
Height (over-all), £t

Three~point attitude .

Plying attitude - + . . . .

L]
Center-of-gravity vosition for present

s .. . .. .. 1050
e e e e v . k2.8
C e e e e e e e . 2700
. ® L] L) L] L[] . [ ] J=. a L] . 810
In. HE o ¢« « « « 5 « « « 3k
e s e e e e .. 2550
T Yol
in, Hg .~ . . .5 . . . 3l
e n e e e e . .. 2550
e e e e e e e e . .70
in. .['Ig s T8 e s ® T s s e 26
C e e T e e e T . 2230
gear ratio . . & . B8B.47:1
« « « « o« Curtisgs elsctric
T . . 10
T
c e e e e e s e i e . 1699
present tests) . . .. 60
S 3 |
C h e e e e e e e e e hl

P
e e e e e e e T 5800

tests
v e e e v e s . 25

L L] L . L) - . . I- l- ...10.

. . L] . [] . . . . . . . .
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Wing:
Span, ft . . . « . . . .
Area, sq ft . . . . .
Alrfoll section, root .
Lirfoil section, tip . .
liean serodynamic chord, ft

.. 37.3
. . . 236
NACA 2215
NACA 220

s
CLR
L ] l

fozs.

Aspect ratio « s s e s .
Taper ratio . . . . . .
Dihedral (leading edue of wing)
Incidence, deg . « v + « «
Sweevback (leading edge of
Wing flaps (split type):
Area, 830 £5 v v v v e e e e e e e e e e e e Eh 8
Travel (maximum), €8 .+« + « o o o + o & o o
Chord, £t & v v v v v v e 4 e o o b e e e e e 1. 76
Allerons (Frise type):
Lengthl, £T « v v o« v v o o o o o« o s o s+ « « .« 694
Chord (meximum), £t . « ¢« « v & v o ¢« « « « « «» 1.54
Ares (including L;.2l4 sq ft balance area and
0.11 sq £t trim-tab srea), sq ft . . . . . . . 18.41
Deflection, deg
TUD ¢ o o o o o o o o o o o o o o v o v e e e e .2y
DOWIl o o v 6 ¢ 4 v &« o s s & & o 4 s e % o« s s s 11
Vertical tail:
Pin area, sq £t . . . . e o « o s o s e s« <« T.0
Ruddsr area(includinﬂ balance area of 1.9/ sq f%

e s (e *» & 2 ¥ s o
®
» o Qe o = o o a o

=
e

Ja]

3
N

(=1

and tab area of 0.55 sg £t),sq £t . . . ... 13070
Chord (meximum), £t . . + « & + o o o « « . 2.5L
Offget from tarust axis, nose left, deg . . . . « « 1.5
Deflection (right and left), deg . . . . e « « « 30

Horizontal tails
Original tail, identical with P-364 tail,
oonventlonal fixed-stabilizer type
Span, £t . . . . . 12.8
Area (includlng 3, 56 sq ‘£t fuselage), sq £t . L8.0
Elevator area (including balance area of
3.8 sq £t and tab area of 1.68 sq ft),sq ft . 19.2
Chord (maximum), £t . « + + ¢ ¢ « o o o« o « o« 1L 69
Incidence (stabilizer nose up), deg . « . . «
AsmEct TEELO ¢ v v b v 4 e e e e e e e e e e 3 hZ
Distence from elevator hinge linse to
25 percent M.A.C. of wing, f+ . . . . . . . . 18.1
Deflecticn, deg :
UP & ¢ v o« o s o o & o« o o s s o o v 2 s . 28

~

Tle’l . . . - . . . . . . . . . . . . . . . . . =
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All-movable horizontal bLaile

3Span, £t . . . . . e e e s e s e e
Area (including 6. l sq It fuselage),sq
Tab area, s £t ¢ . « + ¢« ¢ o & ¢ s
Aspect ratio e 4 e s e s e e e e e e
Taper ratio . . . e e e e e e e
Mean aerodynamlc chord ft v s e a

M. stance from elevator hinge line to
25 percent ¥.A.C., of wing, £t . . . .

Def'lection, deg
UP ¢ v o o 4 o ¢ « o o o 2 s s o &

i.b WIl . [] . . . L] . . . . . L] L] . [} .

P

« e MW -ﬁ

s & !n - . L]

[\
VIO 0O

14.58
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NACA TN No. 1139 Figs. 1,2

Figure l.- Three-quarter front view of Curtiss XP-42 airplane
as tested with all-movable horizontal tail.

e i e

Figure 2.- Three-quarter front view of Curtiss P—36A“§irplane
{used for purposes of compa-ison) as tested at the Langley

laboratory.
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Figs. 3,4

Figure 3.- Three-quarter rear view of Curtiss XP-42 airplane
with all-movable horizontal tail.

2
i

Vi b

Figure 4.- Three-quarter rear view of Curtiss P-36A airplane.:
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Figure 6.- All-movable horizontal tail deflected full up.
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Figure T.- Three-view drawlng of Curtiss XP- airplane
with all-movaeble horizontal tail%z F
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All~moveble tail

Original tail

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 8.~ Plan view of Curtiss XP-/2 airplane showing location . s
of original and all-movable horizontsl tails,
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C1, fuselage _7,‘=r:”—_’_—;rﬁ- P ]
' = — —
on 17
| |5 1 i
-
- 26, 5211———
|
Area, aq ft !
Movable tail 40.9
Fuselage 6.1 Tab !
Total 47.0 hinge line N 30"
Tab 3.6 |
Aspect ratio 4.6 “@
Taper ratio 2.4:1
M.A-Ca’ ft 30 25 =
Thickness )
Root 0.10 chord Elevator hinge
Tip 0,08 chord line at 0,2, chord
T4
4
%—:"g'zo'?s" < .t
Trailing-edge
Section A-A strips

NATIONAL ADVISORY
GOMMITTEE FOR AERONAUTICS

Elliptical airfoil section to 0.75 chord

Hax. thickness at 0.428 chord

X

\k N

”

Root section Streight contour
from 0,75 chord

to T.E.

Figure §.- Dimensions of all-movable horizontal tail for
" Curtiss XP=/2 airplane.
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Stick position , in.
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Figure 11,.,- Relation between tab angle and elevator angle and between
stick position and elevator angle for all-movable horigontel tail,
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Figure 13.~ Representative static longitudinal-stability data
for XP-42 airplane with ell=-movable horizontal tail,
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Figure 14.,- Comparison of the stick~fixed stat

of the XP-42 airplane with all-movable tail
(Note that the elevator-
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slopes represent approximately equal stability,)
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Figure 15.~ Representative data obtained in steady turns with
XP-42 airplane and all-movable teil. Altitude, 8500 feet;
power on; manifold pressure, 34 in. Hg; engine speed, 26560 rpm;
center of gravity at 25.7 percent mean aerodynamic chord.
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